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Citrus is one of the most important fruit crop in the world and is usually grown through grafting technique. Rootstock is one 
of the significant part in grafted plants and has crutial effect on production, including yield, fruit quality, tree size, tolerance to 
salts and diseases, and scion compatibility. Citrus is susceptible to several fungal pathogens causing incalculable losses to the 
crop. Among all soil-borne fungal pathogens, Phytophthora and Fusarium cause the most severe damage to the nursery or 
orchards plants. This research was planned to evaluate the effectiveness of fungicides as soil drenching and root dipping to 
control Phytophthora and Fusarium attacking citrus rootstock seedlings at the nursery stage. Different physiological and 
morphological parameters were studied in the infected plants and data were compared with that of control. The data were 
recorded and compared concerning rootstock seed and seeding response using standard measures and statistical analysis. The 
results showed that plants inoculated with Phytophthora and Fusarium root rot spp.when treated with Aliette and Ridomil 
Gold showed maximum root shoot ratio, fresh dry weight ratio, photosynthetic rate, stomatal conductance, water potential and 
transpiration rate as compared to untreated plants. The results also depicted that plants treated with Aliette and Ridomil Gold 
through soil drenching have maximum root shoot ratio, fresh dry weight ratio, photosynthetic rate, stomatal conductance and 
transpiration rate as compared to root dipped plants. 
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INTRODUCTION 
spread the pathogen from one place to another (Landis et al., 


Phytophthora and Fusarium are the most devastating 
pathogens for citrus plants, especially at the seedling or 
nursery stage (Hussain and Abid, 2011). Phytophthora 
species cause severe citrus diseases worldwide (Savita et al., 
2012). Root rot caused by Phytophthora nicotianae(syn. 
P.n.var. parasitica) and P. citrophthora is one of the 
significant soil-borne diseases of citrus in all growing areas of 
the world (Ippolito et al., 2004). The most severe citrus 
diseases caused by Phytophthora are foot rot and gummosis. 
Fusariumis also considered a severe pathogen attacking citrus 
plants' roots (El-Nouby, 2002). Fusarium can induce 
symptomless infection in citrus roots but, under stress 
conditions, it causes severe dry root rot, which usually does 
not seep gum, while the most conspicuous symptom above 
ground is a fatal collapse of the tree; leaves wilt suddenly and 
in a few days dry up, remaining attached on the tree (Spina et 
al., 2008).The primary means by which these pathogens 
spread in the orchards is the use of infected seeds and infested 
nursery stock. While water, air and contaminated soil also 


1990). So, it is vital to use disease-free nursery plants to avoid 
contamination in the orchard. 

The objective of this experiment was to evaluate the 
effectiveness of fungicides as soil drenching and root dipping 
to control Phytophthora and Fusariumspp. attacking citrus 
rootstock at the seedling stage. Data was collected regarding 
no. of infected and _ non-infected plants, Stomatal 
conductance, transpiration rate, photosynthetic rate, leaf 
water potential, root shoot length ratio, root shoot fresh, and 
dry weight ratio. The data were recorded and compared 
concerning rootstock response using standard measures and 
statistical analysis. 


MATERIALS AND METHODS 


This research was conducted in Citrus Nursery Sanitation 
Laboratory, Institute of Horticultural Sciences in cooperation 
with the Institute of Soil and Environmental Sciences, 
University of Agriculture, Faisalabad. 6-month-old Rough 
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lemon rootstock seedlings were treated with both fungicides 
by two methods (drenching and root dipping). 

Plant Material: Six months old uniform-sized Rough lemon 
(Citrus jambhiri) rootstock seedlings were selected from 
“Citrus Nursery of Certified Plants” Institute of Horticultural 
Sciences, University of Agriculture, Faisalabad. 

Preparation of Inoculum: Phytophthoracitrophthora and 
Fusarium solani used in this study were isolated from 
specimens having symptoms of decline suspected due to 
fungal diseases, collected Experimental fruit garden square 
No 9, University of Agriculture Faisalabad. The culture was 
prepared through the spore suspension method at 10° 
spores/ml (Timmer, 1982). 

Application of fungicides 

Soil Drenching: Selected Rough lemon rootstock seedlings 
were planted in pots containing planting media composed of 
silt and sand at 1:1. The pots were inoculated with seven days 
old cultures of Phytophthoracitrophthora and Fusarium 
solani using the spore suspension method before planting the 


seedlings. 
Aliette Ridomil Gold 
Control(No fungicide) Control(No fungicide) 


Di1.0g dissolved in 1L water 
D22.0g dissolved in 1L water D28.0g dissolved in 1L water 
D33.0g dissolved in 1L water D39.5g dissolved in 1L water 
Root Dipping: Six-month-old uniform Rough lemon 
seedlings were dipped into fungicide solution for one minute 
and then planted in pots containing the planting media. The 
pots were inoculated with seven days old cultures of 
Phytophthoracitrophthora and Fusarium solani using the 
spore suspension method before planting the seedlings. 
Aliette Ridomil Gold 

Control(No fungicide) Control(No fungicide) 

D11.0g dissolved in 1L water D17.0g dissolved in 1L water 
D22.0g dissolved in 1L water D28.0g dissolved in 1L water 
D33.0g dissolved in 1L water D39.5g dissolved in 1L water 
Evaluation: Data regarding no. of infected and non-infected 
plants, stomatal conductance, transpiration rate, 
photosynthetic rate, leaf water potential, root shoot length 
ratio and root shoot fresh and dry weight ratio was collected 
and compared with control. 


D17.0g dissolved in 1L water 


RESULTS 


Effect of Aliette soil drenching and root dipping on Root 
shoot ratio of Rough lemon seedlings inoculated with 
Fusarium:The results showed that fungicide-treated 
seedlings have a maximum root shoot ratio compared to 
control. The results followed the observation of Einhellig 
(1995). The results also showed that drenched soil seedlings 
have the highest root shoot ratio 0.891, 0.831 and 0.784 at 
doses Ig/L, 2g/L and 3g/L, respectively, compared to root 
dipped and control (Fig.1). 
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Figure 1. Effect of Aliette soil drenching and root dipping 
on root shoot ratio of rough lemonseedlings 
Inoculated with Fusarium. 


Effect of Aliette soil drenching and root dipping on fresh/dry 
weight ratio of rough lemon seedlings inoculated with 
Fusarium:The results confirmed that untreated seedlings 
have a minimum Fresh/dry weight ratio compared to treated 
seedlings (Fig.2). The same results were observed by Rajput 
et al. (2008) that there was a reduction in plant growth and 
weight of plants injected with Fusarium. The results also 
showed that Aliette soil drenched seedlings have a maximum 
fresh/dry weight ratio compared to root dipped and control. 
Le Roux et al. (1998) also reported that citrus trees soil 
drenched with fungicide have better growth than untreated. 
The higher fresh/dry weight ratio (1.735 mg) was gained by 
drenched soil seedlings treated with 2 g/L followed by 1 g/L 
and 3 g/L with 1.563 mg and 1.391 mg, respectively. 
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Figure 2. Effect of Aliette soil drenching and root dipping 
on fresh/dry weight ratio of rough lemon 
seedlings inoculated with Fusarium. 


Effect of Aliette soil drenching and root dipping on 
photosynthetic rate (umol CO2 m? s") of rough lemon 
seedlings inoculated with Fusarium: The result showed that 
the Photosynthetic rate of treated seedlings was maximum 
compared to control. Similar findings were documented by 
Jaleel et al. (2007) that plants treated with fungicide against 
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root rot fungi have a maximum photosynthetic rate compared 
to control. The results also showed that the photosynthetic 
rate of soil-drenched seedlings was also maximum compared 
to the root dipped. The soil-drenched seedlings have the 
highest photosynthetic rate (1.42 umol CO2 m? s") at dose 
[g/L (Fig.3). 
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Figure 3. Effect of Aliette soil drenching and rootdipping 
on photosynthetic rate of rough lemon seedlings 
inoculated with Fusarium. 


Effect of Aliette soil drenching and root dipping on 
Transpiration rate (mmol H20 m? s"') of Rough lemon 
seedlings inoculated with Fusarium:Rough lemon seedlings 
treated with Aliette showed maximum transpiration rate 
compared to control. The results also show that soil-drenched 
seedlings showed maximum transpiration rate over root- 
dipped seedlings (Walker, 1987). The soil-drenched seedlings 
treated with 1g/L Aliette have the higher transpiration rate 
(1.603 umol CO2 m-2 s-1), followed by 2g/L and 3g/L with 
1.587 0.680 pmol CO2 m” s"! respectively (Fig.4). 
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Figure 4. Effect of Aliette soil drenching and root dipping 
on transpiration rate of rough lemon seedlings 
inoculated with Fusarium. 


Effect of Aliette soil drenching and root dipping on Stomatal 
conductance (mmol m? s') of Rough lemon seedlings 
inoculated with Fusarium: Seedlings treated with fungicide 
have maximum stomatal conductance compared to untreated. 


The results are in accordance with Gopi et al. (2008) that 
plants treated with fungicide have an increased number of 
stomatal cells per unit area and increased stomatal 
conductance compared to untreated plants. The Rough lemon 
seedlings treated with Aliette through soil drenching have the 
highest stomatal conductance 22.33, 21.00 and 13.33 mmol 
ms"! at doses 1 g/L, 2g/L and 3g/L, respectively, as compared 
to root dipped and control (Fig. 5). 
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Figure 5. Effect of Aliette soil drenching and root dipping 


on stomatal conductance of roughlemon 
seedlings inoculated with Fusarium. 


Effect of Aliette soil drenching and root dipping on water 
potential (MPa) of rough lemon seedlings inoculated with 
Fusarium:The results showed that seedlings treated with 
fungicide have more water potential than untreated. The 
results are the same as Maurel et al. (2001) reported. The 
results also showed that soil-drenched seedlings have more 
water potential than root dipped. The seedlings treated 
through soil drenching have the highest water potential 1.697, 
0.927 and 0.260 MPa at doses 3g/L, Ig/L and 2g/L, 
respectively (Fig.6). 
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Figure 6. Effect of Aliette soil drenching and root dipping 
on leaf water potential of rough lemon seedlings 
inoculated with Fusarium. 


Effect of Aliette soil drenching and root dipping on root 
shoot ratio of rough lemon seedlings inoculated with 
Phytophthora: The results showed that the maximum root 
shoot ratio was obtained by the Aliette root dipped and soil 
drenched seedlings compared to control (Fig.7). The same 
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findings were obtained by Marias and Hattingh (1983) that by 
the application of Foestyl-Al and Metalaxyl against 
Phytophthora, there was a significant increase in root shoot 
length. The highest root shoot (0.83) was gained by Aliette 
soil drenched seedlings treated with 2¢/L. 
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Figure 7. Effect of Aliette soil drenching and root dipping 
on root shoot ratio of rough lemon seedlings 
inoculated with Phytophthora. 


Effect of Aliette soil drenching and root dipping in fresh/dry 
weight ratio of rough lemon seedlings inoculated with 
Phytophthora: The results showed that treated seedlings have 
a maximum mean fresh/dry weight ratio than untreated 
(Fig. 8). The results also showed that soil-drenched Rough 
lemon seedlings have a maximum mean fresh/ dry weight 
ratio than root dipped and untreated. Similar results were 
obtained by Fenn and Coffey (1983) that seedlings soil 
drenched with Foestyl-Al against Phytophthora have 
maximum mean fresh/dry weight ratio. The highest mean 
fresh/dry weight ratio (2.287) was gained by soil-drenched 
seedlings treated with 1g/L. 
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Figure 8. Effect of Aliette soil drenching and root dipping 
on fresh/dry weight rough lemon seedlings 
inoculated with Phytophthora. 


Effect of Aliette soil drenching and root dipping on 
Photosynthetic rate (umol CO2 m? s') of rough lemon 
seedlings inoculated with Phytophthora: The result showed 


that the photosynthetic rate of soil drenched and root dipped 
seedlings was maximum compared to control. Similar results 
were documented by Jaleel et al. (2007) that plants treated 
with fungicide against root rot fungi have a maximum 
photosynthetic rate compared to control. The results also 
showed that soil-drenched treated seedlings have more 
photosynthetic than root dipped and control. The highest 
photosynthetic rate (5.433 umol CO2 m® s) was gained by 
soil drenched seedlings treated at 3 g/L followed by 2g/L and 
1 g/L (Fig. 9). 
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Figure 9. Effect of Aliette soil drenching and rootdipping 
on photosynthetic of rough lemonseedlings 
inoculated with Phytophthora. 


Effect of Aliette soil drenching and root dipping on 
Transpiration rate (mmol H20 m? s') of rough lemon 
seedlings inoculated with Phytophthora: The results showed 
that untreated plants inoculated with Phytophthora were not 
in such a condition to regulate the important physical process 
such as transpiration compared to soil drenched and root 
dipped. The results are in accordance with Fleischmann et al. 
(2002) also found that a few days after inoculation, 
photosynthesis and transpiration of seedlings infected with 
either P. citricola or P. cambivora were strongly reduced. The 
results also showed that seedlings soil drenched have 
maximum transpiration rate compared to root dipped 
seedlings (Fig. 10). 

Effect of Aliette soil drenching and root dipping on stomatal 
conductance (mmol m? s') of rough lemon seedlings 
inoculated with Phytophthora:The treated seedlings have 
better stomatal conductance compared to untreated seedlings 
inoculated with Phytophthora. The results follow Maurelet al. 
(2001) that inoculation of Phytophthora decreased stomatal 
conductance and leaf water potential. The results also showed 
that drenched soil plants have maximum stomatal 
conductance compared to root dipped (Fig.11). The results 
suggest that the soil drenching method can enhance the 
stomatal conductance of seedlings under Phytophthora 
infection conditions (Gopi et al., 2008). 
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Figure 10. Effect of Aliette soil drenching and root 
dipping on transpiration rate of rough lemon 


seedlings inoculated with Phytophthora. 
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Figure 11. Effect of Aliette soil drenching and root 
dipping on stomatal conductance of rough 
lemon seedlings inoculated with Phytophthora. 


Effect of Aliette soil drenching and root dipping on Water 
potential (MPa) of Rough lemon seedlings inoculated with 
Phytophthora:Results showed that treated seedlings have 
more water potential than untreated seedlings (Fig.12). The 
results are similar to the findings of Dawson and Weste 
(1992), confirming that Phytophthora infection was 
associated with reduced relative water content and leaf water 
potential. The results also showed that drenched soil seedlings 
have maximum Leaf water potential compared to root dipped 
and control. The soil-drenched seedlings gave the highest leaf 
water potential (2.628 MPa) at 3 g/L followed by 1.242 and 
0.35 MPa at 2 g/L and 1 g/L. 

Effect of Ridomil Gold soil drenching and root dipping on 
Root shoot ratio of rough lemon seedlings inoculated with 
Fusarium: The results showed a significant interaction 
between fungicide application methods and treatments, as 
untreated seedlings have the lower root shoot ratio compared 
to treated seedlings (Fig.13). Einhellig (1995) documented 
similar results. The results also showed that soil-drenched 
Rough lemon seedlings have a maximum root shoot ratio than 


root dipped and control. The soil-drenched seedlings had the 
highest root shoot ratio (2.919) when Ridomil Gold was 
applied 8¢/L. 
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Figure 12. Effect of Aliette soil drenching and root 
dipping on water potential of rough lemon 
seedlings inoculated with Phytophthora. 
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Figure 13. Effect of Ridomil Gold soil drenchingand root 
dipping on root shoot ratio of roughlemon 
seedlings inoculated with Fusarium. 


Effect of Ridomil Gold soil drenching and root dipping on 
Fresh/Dry weight ratio of Rough lemon seedlings 
inoculated with Fusarium:The results showed that treated 
seedlings have a better fresh/dry weight than untreated 
seedlings (Fig.14). Similar results were observed by Gundy 
and Tsao (1963) that there was a decrease in citrus seedlings 
inoculated with Fusarium. The results also showed that soil- 
drenched treated seedlings inoculated with Fusarium gained 
maximum fresh/dry weight ratio compared to root dipped and 
untreated. The fresh/dry weight ratio of soil drenched is 
higher (3.067) at dose 8g/L followed by 7g/L and 9.50g/L. 

Effect of Ridomil Gold soil drenching and root dipping on 
Photosynthetic rate (umol CO2 m? s') of Rough lemon 
seedlings inoculated with Fusarium: The results showed that 
treated seedlings have a maximum photosynthetic rate 
compared to untreated (Fig.15). The results are similar as 
Siddiqui and Zman (2006) documented. The results also 
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showed that drenched soil seedlings have a maximum 
photosynthetic rate than root dipped and control. The results 
also showed that root dipped and untreated seedlings were 
failed to carry on photosynthesis reaction as the pathogen 
greatly infected the vascular system. The results are similar to 
the conclusion of Ploetz and Schaffer (1992) that plants 
infected with fungal pathogens had a reduced photosynthetic 
rate. 
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Figure 14. Effect of Ridomil Gold soil drenching and root 
dipping on fresh/dry rough lemoninoculated 
with Fusarium. 
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Figure 15. Effect of Ridomil Gold soil drenchingand root 
dipping on photosynthetic rate roughlemon 
seedlings inoculated with Fusarium. 


Effect of Ridomil Gold soil drenching and root dipping on 
Transpiration rate (mmol H20 m? s‘) of rough lemon 
inoculated with Fusarium:The results showed that Ridomil 
Gold treated seedlings inoculated with Fusarium have a 
maximum transpiration rate than untreated seedlings. The 
results are similar to the findings of Walker et al. (1987). The 
results also showed that soil-drenched seedlings transpire 
efficiently compared to root-dipped and untreated seedlings. 
The soil-drenched seedlings have the highest transpiration 
rate (4.337 mmol HO m” s"') treated with 8g/L (Fig.16). 
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Figure 16. Effect of Ridomil Gold soil drenching and root 
dipping on transpiration rate of rough lemon 
seedlings inoculated with Fusarium. 
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Effect of Ridomil Gold soil drenching and root dipping on 
Stomatal conductance (mmol m? s!) of Rough lemon 
seedlings inoculated with Fusarium:The results showed that 
stomatal conductance of untreated, Fusarium inoculated 
seedlings is nil compared to treated. Similar results were 
observed by Nemecet al. (1986) that seedlings inoculated 
with Fusarium had decreased leaf stomatal conductance. The 
results also showed that soil-drenched Rough lemon seedlings 
have the highest stomatal conductance compared to root 
dipped and untreated seedlings (Fig.17). The results are in 
accordance with (Gopi et al., 2008). 
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Figure 17. Effect of Ridomil Gold soil drenchingand root 
dipping on stomatal conductance of rough 
lemon seedlings inoculated with Fusarium. 


Effect of Ridomil Gold soil drenching and root dipping on 
Leaf water potential (MPa) of rough lemon seedlings 
inoculated with Fusarium:The results showed that seedlings 
treated with fungicide showed maximum water potential 
irrespective of application method against Fusarium 
compared to untreated. Nemecet al. (1986) also observed that 
plants inoculated with Fusarium have lower leaf water 
potential, lower water content, and higher leaf osmotic values 
than healthy plants. The results also showed that soil- 
drenched seedlings have more water potential than root- 
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dipped and untreated seedlings. The soil-drenched seedlings 
treated with 8¢/L have the highest water potential, 0.887 MPa 
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Figure 18. Effect of Ridomil Gold soil drenching androot 
dipping on leaf water potential of roughlemon 
seedlings inoculated with Fusarium. 


Effect of Ridomil Gold soil drenching and root dipping on 
Root shoot ratio of rough lemon seedlings inoculated with 
Phytophthora: The results showed that treated seedlings have 
a maximum root shoot ratio compared to untreated. The 
results also showed that drenched soil seedlings have a 
maximum root shoot ratio compared to root dipped and 
untreated. The same results were documented by Walker 
(1987) that the application of metalaxyl through soil 
drenching improves plant growth compared to any other 
application method and untreated plants. The mean root shoot 
ratio of soil-drenched seedlings increases as fungicide 
concentration increases (Fig. 19). The soil-drenched seedlings 
treated with 8¢/L have the highest root shoot ratio (2.109). 
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Figure 19. Effect of Ridomil Gold soil drenching androot 
dipping on root shoot ratio of rough lemon 
seedlings inoculated with Phytophthora. 


Effect of Ridomil Gold soil drenching and root dipping on 
Fresh/Dry weight ratio of rough lemon seedlings inoculated 
with Phytophthora: The results are significant at a 5% 
significance level (Appendix XVI & XVII). The results 
showed that treated seedlings have the highest fresh/dry 
weight compared to untreated seedlings (Fig.20). Soil- 
drenched seedlings gained the highest mean fresh/dry weight 


(2.109) at 9.50 g/L. The results are in accordance with 
Snyman and Kotze, (1984) that Seedlings treated with 
metalaxyl drenches had a significantly higher weight 
compared to untreated seedlings. 
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Figure 20. Effect of Ridomil Gold soil drenching androot 
dipping on fresh/dry weight ratio rough lemon 
seedlings inoculated with Phytophthora. 
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Effect of Ridomil Gold soil drenching and root dipping on 
Photosynthetic rate (umol CO2 m? s“') of rough lemon 
seedlings inoculated with Phytophthora: The results showed 
that plants treated with fungicide have a maximum 
photosynthetic rate compared to untreated (Fig.21). The same 
results were observed by Jaleel et al. (2007) that by the 
application of fungicide, there was an_ increased 
photosynthetic rate compared to control. Plants treated with 
fungicide have thickened leaves, epidermis, cuticle, plastid 
and spongy layers. The results also showed that soil-drenched 
Rough lemon seedlings have the higher photosynthetic rate 
(2.237umol CO; m* s"!) at 9.50g/L followed by 2.223 umol 
CO, ms" plants treated with 8¢/L compared to root dipped. 
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Figure 21. Effect of Ridomil Gold soil drenching androot 
dipping on photosynthetic rate of rough lemon 
seedlings inoculated with Phytophthora 


Effect of Ridomil Gold soil drenching and root dipping on 
Transpiration rate (mmol H20 m? s") of rough lemon 
seedlings inoculated with Phytophthora: The results are 
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significant at a 5% significance level (Appendix XV & XVI). 
The results showed that untreated seedlings failed to continue 
the transpiration process compared to soil drenched and root 
dipped seedlings (Fig.22). This means that untreated 
seedlings infected with Phytophthora could not maintain the 
physiological processes. Similar results were obtained by 
Dawson and Weste (1989) that citrus plants infected with 
Phytophthora have no gas exchange. The results also showed 
that soil-drenched seedlings have a maximum transpiration 
rate compared to untreated root dipped. The soil drenched 
seedlings showed the higher transpiration rate (2.717 mmol 
H2O m” s"!) when treated with 8g/L followed by 7g/L and 
9.50¢/L with 2.547 and 2.000 mmol H20 m* s"! respectively. 
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Figure 22. Effect of Ridomil Gold soil drenching and root 
dipping on transpiration rate of rough lemon 
seedlings inoculated with Phytophthora. 


Effect of Ridomil Gold soil drenching and root dipping on 
stomatal conductance (mmol m? s') of rough lemon 
seedlings inoculated with Phytophthora: The results showed 
that seedlings treated with fungicide had better stomatal 
conductance than untreated (Fig.23). The results are in 
accordance with Gopi et al. (2008) that plants treated with 
fungicide have an increased number of stomatal cells per unit 
area and increased stomatal conductance compared to 
untreated plants. The results also showed that soil-drenched 
seedlings have the highest stomatal conductance, i.e., 13.333 
mmol m-2 s-1 at the highest fungicide dose 9.50g/L, 
compared to root dipped and untreated seedlings. 

Effect of Ridomil Gold soil drenching and root dipping on 
Leaf water potential (MPa) of rough lemon seedlings 
inoculated with Phytophthora:The results showed that 
seedlings treated with fungicide have maximum ability to 
retain the water compared to root dipped and untreated 
seedlings (Fig.24). The results proved that soil drenching is 
an efficient fungicidal application method against 
Phytophthora. The results also showed that seedlings treated 
through root dipping and untreated are entirely failed to 
absorb the water from the soil as pathogen greatly injured the 
plant root system. The results are similar as Bower (1979) 


documented that fungal root rot-affected trees could not 
absorb sufficient moisture from the soil due to root damage. 
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Figure 23. Effect of Ridomil Gold soil drenching and root 
dipping on stomatal conductance of rough 
lemon seedlings inoculated with Phytophthora. 
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Figure 24. Effect of Ridomil Gold soil drenching androot 
dipping on leaf water rough lemon 


seedlingsinoculated with Phytophthora. 
DISCUSSION 


Citrus is grows on grafted trees and rootstock is the major part 
of the grafted trees. It has a considerable effect on all plant 
characteristics, including yield, fruit quality, tree size, 
tolerance to salts and diseases (Ahmad et al., 2010). Many 
rootstocks are susceptible to several fungal pathogens causing 
enormous losses to the crop. Among all soil-borne fungal 
pathogens, Phytophthora and Fusarium cause the most severe 
damage to plants either in nurseries or orchards, citrus 
grooves affected with root rot pathogens cause 22% losses 
annually (Murara, 1988).Although many _ soil-borne 
pathogens are associated with citrus root rot complex, the 
most prominent are Phytophthoraspp. (Timmer and Mange, 
1988) and Fusarium spp. (Smith et al., 1989). The objective 
of this study was to assess the effectiveness of fungicides as 
soil drenching and root dipping to control Phytophthora and 
Fusariumspp. attacking citrus rootstock at the seedling stage. 
Comparison of several citrus rootstocks in the greenhouse and 
field demonstrated that infection of young roots occurs very 
rapidly and at the same rate on susceptible and tolerant hosts, 
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but that root rot damage and fungal reproduction are limited 
subsequently on tolerant hosts (Graham, 1995). Control 
begins with the production of disease-free seedlings since 
much of the inoculums originate from an infested nursery. 
There are specific cultivars tolerant to some fungal pathogens 
in some cases, but the choice of cultivar depends upon the 
market's demand; thus, it is necessary to control disease on 
susceptible cultivars. Foot rot caused by P. parasitica can be 
effectively controlled with the proper application of certain 
fungicides followed by good management practices (Timmer 
and Castle, 1985). 

Citrus rootstocks differ in their tolerance to soil salinity, cold 
injury and diseases. Rough lemon (Citrus jambhiri) rootstock 
is one of the rootstocks used for early maturity and large fruit 
size and to produce large healthy trees. Also, the trees grafted 
on Rough lemon are tolerant to drought, salinity, citrus 
tristeza virus and exocortis however it is sensitive to fungal 
diseases and should be used with proper care at every stage 
right from nursery to the orchard. 


Conclusion: Plants soil drenched and root dipped with 
fungicides have maximum root shoot ratio, fresh dry weight 
ratio, photosynthetic rate, stomatal conductance and 
transpiration rate as compared to the untreated plants. 
Moreover, fungicides suppressed fungal growth. 
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